Introduction: This module teaches medical students about shock through a flipped classroom approach.
the main types of shock, recognize clinical signs of shock, and formulate initial treatment plans. The content area of shock was selected for several reasons. First, early recognition and appropriate management of shock are critical to avoiding adverse outcomes, due to the high mortality rate of the disease process. Second, basic knowledge about shock is universally important for all doctors, not just pediatricians. In fact, one of the core entrustable professional activities endorsed by the Association of American Medical Colleges that medical students should be able to perform by the time of graduation is the ability to recognize a patient requiring urgent or emergent care and to initiate evaluation and management. Finally, since teamwork is essential to the management of shock in the clinical setting, it makes sense for students to also learn about shock in a team setting, so that they can more easily translate the skills learned to future clinical care.
In the flipped classroom approach, students are expected to complete advance preparation prior to class. At our institution, students are given the option of reading articles or viewing videos available via the Khan Academy. The time in the classroom is then used to reinforce concepts through problem solving and discussion. The theoretical foundation for the flipped classroom relies on Bloom's taxonomy. If students complete the lower levels of cognitive work (gaining knowledge and comprehension) outside of class, they can focus on the higher forms of cognitive work (application, analysis, synthesis, and evaluation) in class with the support of their peers and instructors. The flipped classroom helps students to organize their new knowledge so that it is more accessible for future use.
Prior educational research has provided evidence for the effectiveness of the flipped classroom. Mazur and Crouch developed a form of the flipped classroom that they termed peer instruction, in which students gained first exposure prior to class and used in-class time for discussion of conceptual questions. Students enrolled in peer instruction courses at Harvard University exhibited learning gains ranging from 0.49 to 0.74 over 8 years of assessment. Two introductory physics classes taught by traditional methods during the assessment period at Harvard showed much lower learning gains (0.25 in a calculus-based course in 1990 and 0.40 in an algebra-based course in 1999). Thus, the flipped classroom has been shown to increase learning when compared to more traditional teaching methods.
Deslauriers, Schelew, and Wieman also demonstrated that flipping the classroom can produce significant learning gains. Midway through the semester, one section of a large physics class was flipped, with first exposure to new material occurring prior to class via reading assignments and quizzes. Class time was devoted to small-group discussion of questions and active-learning exercises, with no formal lecture included in the experimental group. At the end of the experimental week, students completed a multiplechoice test, resulting in an average score of 41% ± 1% in the control classroom and 74% ± 1% in the flipped classroom, with an effect size of 2.5 standard deviations. The dramatic increase in student learning supports the use of the flipped classroom format that has been applied in this module for medical students to learn about shock.
Methods
For implementation of the module, session objectives and preparatory resources (Appendix A) are distributed to students 1 week ahead of the classroom activities. Students are asked to read two journal articles from Pediatrics in Review on shock and anaphylaxis. These articles are written at an appropriate level for the learners, and the estimated time to read them is 30 minutes. If this module is to be adapted for use at an institution that does not have access to Pediatrics in Review, alternative articles from the New England Journal of Medicine and American Family Physician (both of which are available online without an institutional subscription) are listed in the references.
Upon arriving at the class, the instructor reviews the format of the class with the students and passes out a set of instructions (Appendix B). Students are asked to form teams of four students. Each student in the team takes on one of four roles: leader, reader, scribe, or information seeker. The leader is responsible for keeping the team on task, including time management, and has the final say when team members disagree on the proposed answer. The reader reads the case aloud to the group and reveals answers from the key. The scribe writes down the team's answers and tallies points earned. The information seeker Students are asked to work through a series of case discussion questions (Appendix C) using peer teaching and knowledge sharing, drawing on the content learned during the preclass work. For each question, the scribe records the answers generated by the team on the scoring sheet (Appendix D). After recording an initial answer, the team may use electronic resources, including the suggested evidencebased guidelines, to modify its answer. As the answers are revealed from the key (Appendix E), students should give themselves full credit for correct answers generated by the team alone and half credit for answers generated through the use of electronic resources. The instructors circulate around the classroom to answer any questions that may arise from the discussion.
Pre-and postclass surveys (Appendix F) are used to evaluate the module. The preclass survey is distributed electronically and completed prior to the advance-preparation work. The postclass survey is completed at the end of class.
The suggested time frame for the class is 60 minutes, with 10 minutes for review of the instructions and division into groups, 40 minutes for the group activity, and 10 minutes to complete the postclass survey.
Results
The module has been implemented for two classes of 20 third-year medical students on their pediatric clerkships. The module was delivered by a third-year pediatric resident, with support from the pediatric clerkship director, who is trained in pediatric emergency medicine.
The module has been evaluated through the use of pre-and postclass surveys. The first part of the survey assessed the ability of the module to meet the content objectives. Students were asked to self-report their confidence in their ability to achieve each learning objective on a 5-point Likert scale (not confident to completely confident) before and after the module was completed (Table 1) . A chi-square test (Fisher's exact test with two-tailed p values) was used to compare students who rated themselves as very or completely confident with those who rated themselves as not, slightly, or moderately confident before and after the module was completed. The data show statistically significant improvement in self-reported confidence in meeting each of the content objectives after completion of the module (p < .001 for all objectives). For several of the objectives, 100% of students reported feeling very or completely confident in their ability to perform the objective after the module. The second part of the survey questioned students about the learning format and delivery of the module (Table 2) . Students were asked to rate their agreement with several statements on a 5-point Likert scale (strongly disagree to strongly agree). Based on the data, most students (97%) found the preparation materials to be helpful. The majority (73%) of students felt that the time spent in preparation prior to class was appropriate. Students spent a range of 0-40 minutes in preparation for class, with an average time of 23 minutes. The majority (88%) of students enjoyed this type of class more than a traditional lecture, and 88% felt they learned more from this type of class than from a traditional lecture. All students felt that this type of class promoted teamwork skills. The time spent in preparation prior to class was appropriate. 73
The instructions provided regarding the format of the class were clear. 89
The time frame for the class was adequate. 85
I enjoyed this type of class more than a traditional lecture. 88
I learned more from this type of class than a traditional lecture. 88
This type of class format promoted teamwork skills. 100
I found it useful to practice applying guidelines to a clinical case. 83
The postclass survey also solicited open-ended comments or suggestions regarding the class. Students commented that the class was fun, interactive, and a more effective method of learning compared to a standard lecture. Students liked the assigned roles and the student-driven nature of the class. They stated that it was helpful to work in teams to answer questions.
The format of the class has been adjusted based on the initial feedback received from the students. In the first implementation of the class, students were instructed not to access electronic resources or view the answer key until they had worked through all of the questions together as a team. In the second implementation, the format was modified to the current approach described, in which students are allowed to access resources and review the answer key immediately after attempting each question as a team. This has improved the flow of the class and allows students access to more immediate feedback on their answers.
Discussion
This module illustrates the successful use of a flipped classroom approach to teach medical students about shock. At our institution, two options for preclass preparation (Khan Academy videos and written articles) were provided to accommodate the preferences of different types of learners. The cases were chosen to highlight the most important concepts in the recognition and initial management of shock, and questions were designed to allow students to integrate basic science knowledge from the first and second years of medical school. The class was generally well received by the medical students, with survey data showing that students rated themselves as more confident in their ability to achieve the module's content objectives upon completion of the class. According to the survey data, students felt that they enjoyed the flipped classroom more than a traditional lecture, learned more from this type of class format, and were able to utilize teamwork skills in class.
The assessment of the module was limited by self-reported survey data. In the future, a more rigorous knowledge-based assessment could be developed to assess how effective the module is at meeting the learning objectives. The effectiveness of this class could also be compared in a randomized fashion to a traditional lecture on shock. Based on the overall success of the module, the flipped classroom approach could be extended in the future to other topic areas covered during the medical student clerkship. The module could also be adapted for use in a capstone course for fourth-year medical students who are preparing for an intern year in pediatrics. 
